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Extraction of Pd(II)-Thiocyanate Complex
with Ethyl Acetate from Aqueous Phase
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Fig. 1 - Plot of log D versus log C
lO'5M KI and 0'5M H2S04, Two 10 ml portions
of 7% extractant were sufficient to extract 50 m~
of Cd.(II) and larger amounts could be dealt with
by further extraction. Quantitative extraction was
achieved by equilibrating the aqueous and the
organic phase for 2 min in the temperature ranee
15-40°. :-
Nature of extracted species - The nature of prob-
able e~tracted species was investigated by single
extractIOn. of fixed amount of Cd(II) with varying
concentrat~o~s of N-butylaniline, while keeping the
other conditions constant as given under the general
procedure. The ratio of the aqueous to organic
phas~.wds 1:1·5. The plot of log D (distribution
co~f!iclent) versus log C (concentration of Nsbutyl-
aniline) gave a slope of 2·21 (Fig. 1) indicating that
th~ .probable extracted species is H2CdI, 2N-butyl-
aniline.
The authors are thankful to Prof. R. C. Kapoor,
Head, Department of Chemistry, University of
Jodhpur, for providing laboratory facilities. One
of the authors (R.C.S.) is also thankful to the
authorities of University of Jodhpur for providing
university scholarship.
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Pd(II)-thiocyanate complex has been extracted with
ethyl acetate to the extent of 95 ± 2% from 2M HCI in
the presence of NH,Cl. The effects of acidity, ammo-
nium thiocyanate concentration, saltlng-out agents
(likeM~CII,or NH.CI), period of extraction and presence
of diverse ions on the extraction behaviour of Pd(II)
have also been Investigated,
NUMEROUS solvents have been used to extract
Pd(JI) from aqueous phase in its chloride,
nitrate, t+iocvanate and iodide formsv+. Previous
work on the extraction of thiocyanate complex of
Pd(IJ) from aqueous solution with tributyl phos-
phate 'has carried out by De and Sen- and Berge.
The present work shows that Pd(JI) thiocyanate
complex can be extracted with ethyl acetate from
aq. phase. In its chloride, bromide or iodide
forms, Pd(IJ) 'has not extracted at all with ethyl
acetate. The effect of acidity, salting out agents,
reagent concentration, period of extraction and
interferences due to other cations and anions on the
extraction behaviour is discussed.
The chemicals used were of CP or AR grade.
Ethyl acetate (BDH) was distilled before use. A
2% aqueous solution of ammonium thiocyanate
was used for complex formation.
A stock solution of palladium chloride was
prepared by dissolving 1 g of PdCl2 (Johnson
Matthey) in 1 ml cone. hydrochloric acid and diluting
to 250 ml with distilled water. The solution was
standardized gravimetrically using dimethylgly-
oxime? and was found to contain 2·53 mg of Pd(II)
per ml.
Procedure - Calculated amount of hydrochloric
acid of known strength was added to an aliquot
containing 12'65 mg of Pd(Il) to have the desired
acid concentration (2M) followed by the addition
of aqueous ammonium thiocyanate solution (2%,
2 ml) and volume made up to 20 ml with distilled
water. The aqueous solution thus prepared was
shaken with 10 ml of ethyl acetate for 10 min. The
two layers were allowed to separate and the organic
phase separated. Palladium was back-extracted
from the ethyl acetate phase by shaking for 10 min
with distilled water (3 X 15 ml). The aqueous ex:-
tracts were combined and evaporated to dryness.
The residue was then digested with perchloric acid
to destroy ammonium thiocyanate and any other
organic matter cooled, diluted with water and Pd(lI)
estimated gravimetrically by dimethyl glyoxime.
The extraction behaviour of Pd(Il) with ethyl
acetate was investigated with various concentrations
of hydrochloric acid (from 0·06 to 5M). Maximum
extraction was 87% from 3M hydrochloric acid.
Above 5M hydrochloric acid concentration the
organic phase was found to be miscible with the
aqueous phase.
TABLE 1 - EFFECT OF DIVERSE IONS (25-100 mg) ON THE
ESTIMATIONOF Pd(ll) (12·65 mg)
Foreign ion
Pt(IV)
Ru(lII)
Fe(lIl)
Cd(U)
Zr(IV)
Hg(Il)
Mn(II)
Pb(Il)
Ba(lI)
Tartrate
EDTA
Acetate
Iodide
Tolerance
limit
(mg)
25
40
65
75
70
80
70
65
90
150
150
150
150
Foreign ion
l(h(III)
:Ki(II)
Co(lI)
V(VI)
Zn(Il)
Al(III)
\"(V)
(r(Ill)
Sr(II)
Phosphate
Citrate
Bromide
Thiosulphate
Tolerance
limit
(mg)
45
55
60
80
75
90
65
75
80
150
150
150
150
The presence of salting-out agents in the aqueous
phase increased the extraction. Use of magnesium
chloride enhanced the extraction up to 93%, whereas
in the presence of ammonium chloride, the extrac-
tion was >96% from 2M hydrochloric acid medium.
Above 3M hydrochloric acid concentration, the
presence of these salts had practically no effect on
the extraction. The optimum period of extraction
was 10 min below which incomplete extraction of
palladium resulted. It was also observed that 2 ml
of 2% aqueous solution of ammonium thiocyanate
is suitable for extraction.
The interferences of different cations and anions
were tested and the results are given in Table 1.
The aqueous phase was adjusted to 2M with respect
to hydrochloric acid and ammonium chloride.
The tolerance limits denote the concentrations of
the foreign ions in the presence of which 95± 2%
Pd was extracted in a single extraction.
Among the cations tested, Cu(II) , Bi(III) and
Th(IV) produce viscous precipitates during shaking
making difficult the separation of two layers.
Attempts made to use masking agents to suppress
the interference due to platinum in the aqueous
phase were unsuccessful. Among the anions tested,
bromide, iodide and thiosulphate interfere seriously.
From six:such runs with 12·65 mg Pd, the results
show an average recovery of 95± 2% of Pd(ll) indi-
cating that the procedure is a fairly satisfactory one.
The authors are thankful to Prof. A. K. De and
Dr A. K. Sen, Visva Bharati University, Santi-
niketan, for their keen interest in the work and to
the UGC,NewDelhi, for financial support (to P.K.P.).
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Triftupromazine hydrochloride (TPH) is proposed as
a new reagent for the spectrophotometric determina-
tion of Pd(II). The reagent forms a red-coloured 1: 1
complex with palladium instantaneously at pH 1·4-2·7.
A thirteen-fold molar concentration of the reagent is
necessary for the full development of the colour
intensity. Beer's law is valid over the concentration
range 0·28-8·53 ppm and the optimum range for the
effective spectrophotometric determination is 0·60-8·51
ppm. The complex has absorption maximum at
480 DID with molar absorptivity 3·8614 x 103 lltre mole-1
crrr-', The apparent stability constant of the complex
at pH 2·0±0·1, 27cC has a log K value of 5·2±0·1.
THl~ complexation reaction between Pd (II) and
. tnfiuproI?azme hydrochloride (TPH) , 10-[3-
[dimethylamino) -propyl] -2- trifiuromethylphenothia-
zine. hydrochloride does not appear to have been
studied. In the present investigation the authors
have studied the red palladium-TPH complex
spectrophotornetrically and proposed TPH as a
sensitive reagent for the spectrophotometric deter-
mination of palladium. The proposed method offers
the advantages of simplicity, sensitivity and stability
without the need for extraction.
.A s~ock solution of Pd(U) was prepared by
dissolving 0·3402 g of palladium chloride in 500 ml
of O·IM hydrochloric acid and standardized gravi-
metrically by the dimethylglyoxime method-,
A 0·2% TPH solution was prepared by dissolv-
ing a known amount of TPH in doubly distilled
water and stored in an amber bottle in a refrigerator.
Walpole buffer solut ionss (PH range 0·65-5·2)
were prepared from Ulf sodium acetate and 1M
hydrochloric acid solutions.
Standard procedure - To a sample solution con-
taining 7-218 p.g of palladium was added 5 ml of
hydrochloric acid-sodium acetate buffer of PH 1·2
and 4- ml of 0·2% TPH solution. The solution was
diluted to 25 ml by adding doubly distilled water.
mixed thoroughly and the absorbance measured
at 480 nm against a corresponding reagent blank.
Palladium(Il) concentration of the sample solution
was calculated by means of a calibration curve.
. ..... TPH forms a red-coloured complex with palla-
1. STARY, J. & HLADKY, E., Analyt, chim, Acta. 46 (1963), dium(II) instantaneously at room temperature in the
2. DE:5l: K. KHOPKAR, S. 1\1. & CHALMERS.R. A .• Solvent" pre~ence of hydrochloric acid or hydrochloric acid-
extraction of metals (Van Nostrand, Reinhold, London), sodium acetate buffer. The study of Pd(II)- TPH
1970, 50. 52. 62. 81. 98. 132. 145. 148. 170. 178. complex in hydrochloric acid medium is not recom-
3. BERGE, E. W. & SENN. W .. Analvt. chim, Acta, 19 (1958), mended because the complex is less stable (40 min)
12. d f'" f I4. FAYE. G. H. & INNMAN,W. R., Analyt. Chem., 35 (1963)," an many. oreign IOns Inter ere even at very ow
985. / concentrations. The complex: is stable for 5 hours
5. DE, A. K & SEN. A. K, Separation Science. 1 (1966).641. in the presence of the buffer. The absorbance re-
6. BERGE. E. W. & Lxu, E. Y., Analyt, chim. Acta, 27 (1962)/ mains constant in the temperature range 6-700.
7. vo;~~,A. I., A text book of inorganic quantitative analysis Although the maxim~m absorbance is obtained. at
(Orient Longmans, London), 1969, 511. / PH 5·1, the complex:IS stable for a short duration
References
821
